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Abstract 

Introduction: Diabetic foot infections are frequently polymicrobial. The lower 
tissue concentration of systemically administered antibiotics in diabetic pa- 
tients was reported. Collatamp®EG (Syntacoll GmbH Saal/Donau, Germany) 
is a bioabsorbable, gentamicin impregnated collagen spongeused for local 
treatment. The aim of this randomized trial was to assess influence of gen- 
tamicin-collagen sponge applied to a wound on surgical outcomes after mi- 
nor amputations in diabetic patients. 

Material and methods: Fifty diabetic patients indicated for minor amputa- 
tion in 2009 at our surgery department were included in the study. Patients 
were pre-operatively randomised into two groups. Twenty-five patients in 
group A were treated with gentamicin impregnated collagen sponge applied 
into wound peri-operatively while 25 patients in group B had minor amputa- 
tion without gentamicin sponge. 

Results: There was no significant difference in the demographic data, pro- 
cedures performed, diabetes duration and peripheral vascular disease se- 
verity between the groups. The median glycosylated haemoglobin was 6.0% 
(range: 4.6-9.5%) in group A and 6.2% (range: 4.0-8.4%) in control group B 
(non-significant). Median TcP0 2 level was 44 (range: 13-67) in group A and 
48 (range: 11-69) in control group B (non-significant). The median of wound 
healing duration in group A was 3.0 weeks (range: 1.7-17.1 weeks) com- 
pared to 4.9 weeks (range: 2.6-20.0 weeks) in control group B. This was with 
a statistically significant difference (p < 0.05). 

Conclusions: Application of gentamicin impregnated collagen sponge short- 
ened wound healing duration after minor amputations in diabetic patients 
by almost 2 weeks. 

Key words: wound healing, diabetic foot, amputation, gentamicin. 



Introduction 

The risk of foot ulceration in a diabetic patient's lifetime may be as 
high as 25% and it is the most common cause of amputation [1-4]. Be- 
cause of remaining weight bearing residuum with better ambulation and 
a lower mortality rate, minor limb amputation is considered preferable to 
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below the knee amputation [5-8]. However, com- 
plicated wound healing and subsequent re-ampu- 
tations after limb salvage procedures are frequent 
with a reported average failure rate of 30% [9-12], 
Insufficient blood supply and wound infection are 
the leading causes of impaired wound healing af- 
ter minor amputations. Diabetic foot infections are 
frequently polymicrobial and the increased bacte- 
rial loading leads to an overall reduction in heal- 
ing rates [4, 13-15]. Antibiotic administration is 
therefore an important component of diabetic foot 
wound healing. To be effective, antibiotic treatment 
requires an adequate tissue concentration exceed- 
ing the minimum bactericidal concentration (MBC) 
for the pathogens [16]. But a lower tissue concen- 
tration of antibiotics in diabetic patients compared 
with controls has been reported [17, 18]. This might 
be due to impaired blood supply of the soft tissues 
caused by diabetic microangiopathy and it can lead 
to tissue concentration of the antibiotic that does 
not reach MIC which fails to resolve infection and 
sustains development of resistant microbial strains 
[16, 19]. The solution could be local application of 
antibiotics [20]. 

Collatamp®EG (Syntacoll GmbH Saal/Donau, 
Germany) is a bioabsorbable, gentamicin-impreg- 
nated collagen sponge used for topical antimi- 
crobial therapy. The implant contains 2.0 mg/cm 2 
of gentamicin sulfate and 2.8 mg/cm 2 of bovine 
collagen. Gentamicin sulfate is an bactericidal 
aminoglycoside antibiotic which is active against 
many strains of Gram-positive and Gram-nega- 
tive pathogens with a therapeutic serum level of 
4-8 ug/ml and a toxic level of 12 ug/ml [19]. It 
also has a prolonged post-antibiotic effect [21]. 
The implant collagen is similar to human collagen 
and is degraded by human collagenase and ab- 
sorbed. Gentamicin is initially released by passive 
diffusion from the sponge and then actively by 
sponge collagen degradation. The local concentra- 
tion levels (up to 9000 ug/ml) exceed the MBC for 
various bacteria and last for at least 72 h while 
serum levels remain below the established toxicity 
threshold of 10-12 ug/ml [22-24]. 

The aim of this randomised trial was to assess 
the influence of the gentamicin-collagen sponge 
applied to the wound on surgical outcomes after 
minor amputations in diabetic patients. 

Material and methods 

Fifty diabetic patients (38 male, 12 female, me- 
dian age: 62.5, range: 33-89 years) scheduled for 
minor amputation in 2009 at the Transplantation 
Surgery Department, Institute for Clinical and Ex- 
perimental Medicine, Prague, were included in the 
study. All patients were informed preoperatively 
about the procedure and signed an informed con- 
sent form for the procedure. After the procedure, 



all patients were treated and followed up regularly 
at our podiatric clinic until the wound was healed. 
Patients were pre-operatively randomised into 
two groups. Twenty-five patients in group A were 
treated with a gentamicin-collagen sponge applied 
to the wound peri-operatively while 25 patients in 
group B had the minor amputation without a local- 
ly applied gentamicin sponge. Of the 50 patients, 
3 were lost to follow-up and 2 were excluded from 
the study because of a serious peri-operative find- 
ing resulting in open wound healing. Forty-five pa- 
tients were available for follow-up (22 patients in 
group A with a gentamicin-collagen sponge and 
23 in control group B without one). Demographic 
data and patient characteristics are presented in 
Table I. Indications for amputation were non-heal- 
ing ulceration (more than 6 weeks) with signs of 
osteomyelitis (X-ray, bone detection by probe). All 
wounds were primarily sutured over a drain. Sys- 
temically antibiotics were administered in all pa- 
tients according to the antibiogram. Wounds were 
considered healed after at least 1 month without 
signs of skin breakdown and infection. Patients 
with open wound healing were excluded from the 
study. Data of patients' demographics, laboratory 
values, clinical findings, wound healing time and 
re-amputation rate were collected and compared 
between the groups. The study was approved by 
the regional ethics committee. 

Operative technique 

General, spinal or regional anesthesia was 
given depending on the anesthesiologist. Ampu- 
tations of the forefoot were performed by three 
experienced surgeons. No tourniquets were used 
in any case. In group A, a gentamicin-collagen 
sponge was applied and left in the wound before 
closure. In group B no additional treatment was 
applied. All wounds were then primarily closed 
without tension over the drain. The patients were 
maintained for non-weight bearing for the first 
few days until wound healing was observed. Then 
the wound was protected in half shoes or walking 
orthoses. 

Statistical analysis 

We used the % 2 test to compare demograph- 
ic data. 7-test or Mann-Whitney test was used to 
compare the mean values of age and laboratory 
values. The wound healing tendency and re-am- 
putation rate were compared between groups by 
Fisher's exact test. A p value under 0.05 was con- 
sidered statistically significant. 

Results 

There was no significant difference in the demo- 
graphic data, procedures performed, laboratory val- 
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Table I. Characteristics of the groups 



Parameter 


Group A 
Gentamicin + 


Group B 
Gentamicin - 


Value of p 


Number of patients 


22 


23 




Women, n (%) 


4(18) 


8(35) 


NS 


Age, median (min.-max.) [years] 


61 (43-89) 


63 (33-83) 


NS 


RTG osteomyelitis, n (%) 


9 (41) 


15 (65) 


NS 


Diabetes type one, n (%) 


4(18) 


3(13) 


NS 


Diabetes duration, median (min.-max.) [years] 


19 (5-47) 


23 (2-54) 


NS 


Vascular intervention, n (%) 


11 (50) 


14 (61) 


NS 


Ischaemic heart disease, n (%) 


8 (36) 


6 (26) 


NS 


Hypertension, n (%) 


13 (59) 


15 (65) 


NS 


Renal insufficiency, n (%) 


5(23) 


7(30) 


NS 


TcP0 2 , median (min.-max.) [mm Hg] 


44 (13-67) 


48 (11-69) 


NS 


HbA lc , median (min.-max.) (%) 


6.0 (4.6-9.5) 


6.2 (4.0-8.4) 


NS 


Albumin, median (min.-max.) [g/l] 


33 (24-42) 


34 (22-42) 


NS 


Creatinine, median (min.-max.) [umol/l] 


108 (58-700) 


98 (50-260) 


NS 


White blood cell count, median (min.-max.) (x 1071) 


7.8 (5.7-13.0) 


7.5 (5.4-14.0) 


NS 


C-reactive protein, median (min.-max.) [mg/l] 


5 (1-130) 


10 (2-120) 


NS 



NS - not significant difference, TcP0 2 - transcutaneous oxygen tension, HbA lc - haemoglobin A le percentage 



ues, X-ray signs of osteomyelitis, diabetes duration 
or peripheral vascular disease severity between 
the groups (Table I). In total, 7 patients with type 
one diabetes were enrolled in the study (4 in group 
A and 3 in group B). But no significant influence on 
postoperative outcome was observed depending 
on type of diabetes. The median glycosalated hae- 
moglobin (HbAj level was 6.0% (range: 4.6-9.5%) 
in group A and 6.2% (range: 4.0-8.4%) in control 
group B (non-significant). Closer comparison of pa- 
tients regarding the quality of diabetes compensa- 
tion (HbA lc level under or over 6.0%) was without 
a significant influence on duration of wound heal- 
ing or hospital stay. Nor did a lower level of albumin 
(under 30.0 g/l) as a sign of impaired metabolic 
status have a negative influence on wound healing 
and hospital stay. Median TcP0 2 level before am- 
putation was 44 (range: 13-67) in group A and 48 
(range: 11-69) in control group B (non-significant). 
These levels indicate good perfusion for satisfac- 
tory wound healing [25]. X-ray signs of osteomy- 
elitis were present in 9 patients in the gentamicin 
group and 15 in the control group. Low levels of 
C-reactive protein (CRP) (median 9 mg/l, range: 
1-130 mg/l) and white blood cell count (median 
7.6 x 1071, range: 5.4-14 x 1071) as signs of sys- 
temic infection indicate chronic ulceration without 
acute inflammation. The most common cultivation 
findings were Staphylococcus aureus, Enterococcus 
faecalis, Klebsiella spp. and Pseudomonas aerugi- 
nosa (Table II). Methicillin-resistant Staphylococ- 
cus aureus (MRSA) was present in 4 cases and 
negative cultivation was present also in 4 cases. 



Cultivation findings were without a significant 
difference between the groups. We performed 
30single ray resections (14 in group A, 16 in group B), 
1 1 multiple ray resections (5 in group A, 6 in group B) 
and 4 trans-metatarsal amputations (2 in each 
group). 

Application of the gentamicin-impregnated col- 
lagen sponge shortened wound healing duration 
after minor amputations in diabetic patients by 
almost 2 weeks when compared to the control 
group. The median wound healing duration 
in gentamicin group A was 3.0 weeks (range: 
1.7-17.1 weeks). In control group B, the median 
wound healing duration was 4.9 weeks (range: 
2.6-20.0 weeks). This was a significant difference 
[p < 0.05). 

The median hospital stay was 11 days in gen- 
tamicin group A (range: 9-36 days) and 15 days 
(range: 7-38 days) in control group B. Three re- 
amputations were necessary for a non-healing 
wound in group A (1 major and 2 minor amputa- 
tions). In group B, 4 minor re-amputations were 
performed. This was without a significant differ- 
ence between the groups or between the different 
types of procedures. 

Discussion 

Our results show that application of the gen- 
tamicin sponge significantly shortened wound 
healing duration by almost 2 weeks when com- 
pared to the control group. But we did not observe 
any positive effects on the length of hospital stay, 
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Table II. Microbiological findings in our groups 



Microbiological findings 


Group A 
Gentamicm + 


Group B 
Gentamicm — 


Value of p 


Staphylococcus aureus 


14 


1 1 


NS 


Enterococcus faecalis 


6 


8 


NS 


Klebsiella species 


5 


5 


NS 


Pseudomonas aeruginosa 


4 


5 


NS 


Corynebacterium species 


4 


2 


NS 


Escherichia coli 


2 


3 


NS 


Proteus species 


1 


3 


NS 


MRS A 


1 


3 


NS 


Streptococcus species 


2 


1 


NS 


Negative finding 


2 


2 


NS 



NS - not significant difference 



number of revisions for wound breakdown or 
number of subsequent re-amputations. This is in 
accord with the retrospective study of Krause et 
ai, who observed wound healing in less time in 
49 limbs after trans-metatarsal amputation when 
bioabsorbable calcium sulphate antibiotic beads 
were used compared to a control group (16 limbs) 
[9]. They also reported a lower revision rate for 
wound breakdown in the antibiotic beads group 
(p < 0.05), but we did not confirm this in our study. 

Insufficient blood supply, wound infection and 
patients' non-adherence to the treatment regime 
are the leading causes of impaired wound healing 
after minor amputations. Pre-operative data show 
that both study groups were in the same state 
of health with on average satisfactory diabetes 
control, limb blood supply and signs of infection. 
Performed amputation procedures were without 
a significant difference between the groups. All 
outpatients were treated and followed up at our 
podiatric clinic. Griffis et ai reported that antimi- 
crobial therapy relies on adequate tissue concen- 
tration and delivery to the target site after sys- 
temic administration and relies on a functional 
circulatory system [19]. Topical administration 
using a biocompatible carrier affords accurate de- 
livery while minimizing the risks of systemic com- 
plications. As Browne et ai observed, increased 
bacterial loading leads to a reduction in the wound 
healing rate [13]. Gentamicin as a bactericidal 
antibiotic released from the gentamicin-collagen 
sponge with local concentration levels exceed- 
ing the MBC for various bacteria might decrease 
this bacterial loading with a positive influence on 
wound healing. Our study confirmed this sugges- 
tion when the local application of gentamicin led 
to a shorter wound healing time. 

We did not observe any side effects after local 
application of the gentamicin-collagen sponge in 



our group. Aminoglycoside ototoxicity and neph- 
rotoxicity after intravenous or peroral adminis- 
tration are serious complications leading to the 
cautious use of antibiotics. Nevertheless, local use 
of gentamicin in diabetic patients does not reach 
the appropriate systemic concentration for these 
complications [19, 24]. 

Systemic antibiotics were, according to the 
international consensus on the diabetic foot, ad- 
ministered to all patients according to the anti- 
biogram until the wound was completely healed. 
Whether the local application of gentamicin, 
without systemic administration, is sufficient to 
ensure the same wound healing rate remains un- 
solved [25]. 

While this presented study is on a small group 
of patients, further investigation with more pa- 
tients would be necessary to confirm our results. 
Another factor for consideration is that our study 
enrolled only patients with diabetic foot syn- 
drome. If the influence of the gentamicin-impreg- 
nated collagen sponge in non-diabetic patients 
would be the same remains unsolved. 

In conclusion, application of the gentamicin-im- 
pregnated collagen sponge shortened wound heal- 
ing duration after minor amputations in diabetic 
patients by almost 2 weeks (3.0 weeks vs. 4.9 weeks). 
A completely healed wound leads to less frequent 
outpatient visits and lower consumption of anti- 
biotics with a lower complication rate due to their 
systemic administration. This can also have a pos- 
itive economic impact. Wound healing in less time 
also enables earlier rehabilitation and ambulation 
of the patients and can thereby improve their qual- 
ity of life. 
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